The objective was to determine the reliability of isokinetic strength and endurance testing in the ankle joints of patients with intermittent claudication. Twenty-three patients with peripheral artery disease (PAD) and symptoms of intermittent claudication participated in the study. Isokinetic strength and endurance testing of the ankle joint were performed in symptomatic and asymptomatic legs on 3 separate days. Intraclass coefficient correlation of peak torque (PT) and total work (TW) ranged from 0.77 to 0.92 and 0.89 to 0.96, respectively. PT and TW increased significantly and similarly in both legs from day 1 to day 2 (PT: +42 ± 84% in the symptomatic leg and +33 ± 51% in the asymptomatic leg, p < 0.05; TW: +38 ± 26% in the symptomatic leg and +26 ± 50% in the asymptomatic leg, p < 0.05). In conclusion, isokinetic strength and endurance testing in the ankle joints of patients with PAD presents reliability coefficients ranging from 0.77 to 0.96. However, strength and endurance increased between the first and the other test sessions performed on separate days, suggesting that two test sessions are necessary for the accurate evaluation of strength and endurance in patients with PAD.
Introduction
Muscle atrophy 1 and weakness 2,3 are common problems in patients with peripheral artery disease (PAD). Patients with PAD are weaker compared with age-matched controls, 2 which has been correlated with ambulatory impairments in these patients. 3 In fact, we have recently reported that an increase in lower leg strength after a resistance training program correlated with improvements in walking capacity in patients with intermittent claudication. 4 Muscle function has been measured by isokinetic dynamometers whose accuracy has been established in healthy adults without known pathology. In patients with PAD, the isokinetic dynamometry has been used to evaluate lower extremity strength; however, its reliability remains unknown. This is an important issue since the evaluation of muscle function in a joint with a small lever arm, such as in the ankle joint, is difficult to perform. 5 Although strength has been considered an important variable to be assessed in muscle function evaluation, the assessment of muscle endurance is also important, especially in patients with PAD. Yamamoto et al. 6 reported good reliability coefficients between muscle endurance and walking performance on a treadmill, suggesting that this might be a useful test to assess functional limitations of patients with PAD. However, the reliability of endurance protocols in these patients is also poorly known.
Therefore, the aim of this study was to determine the reliability of isokinetic strength and endurance tests in the ankle joint in patients with PAD. Based on previous studies in patients without PAD, 7, 8 the hypotheses are that muscle strength and endurance assessed in isokinetic dynamometry increase between test sessions performed on separate days in patients with PAD.
Methods Sample
This study was in agreement with the Helsinki protocol regarding the ethics in human research. Each patient was informed of the risks and benefits involved in the study, and signed a written informed consent before participation.
Male patients with PAD and symptoms of claudication enrolled in a tertiary center specialized in vascular disease were invited to participate in the study. Patients were included if they met the following criteria: Fontaine stage II PAD, 9 symptoms of intermittent claudication for at least 6 months, ankle-brachial index (ABI) at rest ≤ 0.90 in only one leg, and exercise tolerance limited by intermittent claudication. Patients were excluded under the following conditions: inability to obtain ABI due to non-compressible vessels, exercise tolerance limited by factors other than claudication (e.g. dyspnea or orthopedic problems), poorly controlled blood pressure, electrocardiogram response suggestive of myocardial ischemia during the exercise test, 10 and history of revascularization in the previous year. A total of 23 patients were considered eligible for the study.
Measurements
Demographic information, height, weight, claudication history, and a list of current medications were obtained from a medical history and physical examination at the beginning of the study. ABI measures were obtained from both lower extremities after a 20-minute rest using a Doppler ultrasound. 11 
Muscular strength and endurance
The design of the study included three visits to the laboratory on different days (day 1, day 2, and day 3), at the same time of the day, and separated by 2-4 days.
A Cybex 6000 isokinetic dynamometer (Cybex, division of Lumex, Ronkonkoma, NY, USA) was used for isokinetic strength and endurance evaluation. Before each test session, the isokinetic dynamometer was calibrated in accordance with the manufacturer's specifications.
Isokinetic strength and endurance testing were performed in the symptomatic and asymptomatic legs in the ankle joint in two directions (dorsiflexion and plantar flexion). The order of the legs (symptomatic or asymptomatic) was randomly determined on the first day and kept for future sessions.
In order to evaluate strength and endurance, subjects remained in a supine position with the knee flexed at 90º. A pad was fixed under the thigh and a thigh strap was used for stabilization. The subject's foot was positioned so that the axis of rotation of the ankle was aligned with the axis of rotation of the dynamometer. The foot was fixed to the footplate with two straps: one strap distal to the ankle and the second over the metatarsal bones.
To become familiarized with the testing device, patients were instructed about the dynamometer protocol and performed three active repetitions ranging from maximal flexion to maximal extension. For all subjects, the ranges of motion for strength and endurance protocols were set at 90º. They were instructed to push and pull 'as fast and as hard as possible' through the full available range of motion at every trial. Peak torque (PT) was measured in one set of three maximal repetitions. The highest PT obtained during each session was considered for analysis. Total work (TW) was measured in one set of 60 repetitions. The rest between tests lasted 10 minutes. A 120º/second speed was used in all movements because this is an intermediate velocity that allows the evaluation of strength and endurance.
Statistical analyses
The sample size was statistically calculated based on data from a previous study 7 to produce a power of 80% and an α error of 5%. A total number of 20 subjects was needed to detect differences between the days of testing of 5 ± 5%.
Intraclass coefficient correlation (ICC) was used to analyze the correlation between PT and TW obtained on different days. ANOVA two-way analysis (leg and day) was used to compare PT and TW in the symptomatic and asymptomatic legs on the different days. When F was significant, Newman-Keuls post hoc test was applied to identify the differences. Data were presented in mean ± standard deviation and the significance level was set at p < 0.05.
Results
Most patients were elderly and overweight. Their clinical characteristics are presented in Table 1 .
All subjects completed the study and none of them reported injuries during isokinetic tests. PT and TW on each of the 3 days are shown in Table 2 and individual data of the strength and endurance evaluations on the 3 days of the test are shown in Figure 1 .
In PT there was a significant main effect of session (p < 0.01); however, no interaction effect (leg vs session) was observed (p = 0.65), indicating that both legs increased strength similarly between day 1 and day 2 (+42 ± 84% in the symptomatic leg and +33 ± 51% in the asymptomatic leg) and between day 1 and day 3 (+44 ± 93% in the symptomatic leg and +36 ± 38% in the asymptomatic leg). There were no differences in PT between days 2 and 3 in both legs (p > 0.05).
In TW there was a significant main effect of session (p < 0.01); however, no interaction effect (leg vs session) was observed (p = 0.32), indicating that both legs increased endurance similarly between day 1 and day 2 (+38 ± 26% in the symptomatic leg and +26 ± 50% in the asymptomatic leg) and between day 1 and day 3 (+50 ± 55% in the symptomatic leg and +28 ± 40% in the asymptomatic leg). There were no differences in TW between days 2 and 3 in both legs (p > 0.05).
Descriptive analysis of the individual points revealed that for PT and TW, a higher number of patients increased strength and endurance between days 1 and 2 than between days 2 and 3. Moreover, the number of patients who increased PT between days 2 and 3 was higher than the number of patients who increased TW between days 2 and 3. Table 3 presents the ICC between day 1 and day 2 and between day 2 and day 3 in both legs for PT and TW. The ICC between day 2 and day 3 was higher than between day 1 and day 2.
Discussion
The results of the present study showed that the isokinetic strength and endurance-testing protocol in the ankle joint presented reliability coefficients ranging from 0.77 to 0.96 in patients with PAD. However, in symptomatic and asymptomatic legs, there were significant increases in PT and TW from day 1 to day 2, suggesting that two test sessions are required to accurately assess strength and endurance in patients with PAD.
During isokinetic testing procedures no injuries were reported, suggesting that isokinetic tests can be safely performed by patients with PAD. This observation is in accordance with previous studies that also showed a low rate of injuries in isokinetic testing in elderly subjects. 7, 8 In this study, the ICC of PT between day 1 and day 2 ranged from 0.77 to 0.78. These values are higher than the ones obtained by Scott-Okafor et al., 2 who found an ICC of 0.60 in isometric PT in plantar flexion in PAD patients. Differences in the contraction mode (isometric vs isokinetic), as well as in the subjects' characteristics (in the present study they were younger), might explain the differences between the studies. However, the ICC obtained in this study was lower than the ones previously reported in non-PAD elderly subjects, which ranged from 0.86 to 0.92 in isokinetic plantar flexion. 8 On the other hand, few studies have addressed the reliability of isokinetic endurance protocol in patients with PAD. It is an interesting issue because muscle endurance is related to the treadmill test performance in patients with PAD. 6 The ICC obtained in the endurance testing (ranging from 0.89 to 0.93) was close to that previously reported in patients with stroke evaluated in plantar flexion (ranging from 0.84 to 0.85). However, it was higher than the ones obtained by Yamamoto et al. 6 that reported in patients with PAD a Cronbach's reliability coefficient of 0.61 in a plantar flexion endurance protocol employing 10% of the patient's body weight. Both strength and endurance increased 38% and 50% between day 1 and day 2, respectively. This is in agreement with previous studies involving patients with chronic low back pain 12 and chronic stroke, 7 which reported significant increases between two isokinetic test sessions performed on separate days. In the present study, PT and TW increased from the first to the second day and did not change from the second to the third session, suggesting that two test sessions are necessary to obtain accurate strength and endurance in the ankle joint in patients with PAD. Interestingly, the increases in maximal strength and endurance between test sessions were similar in symptomatic and asymptomatic legs, suggesting that the improvements in strength and endurance between the test sessions are independent of the presence of the disease in the leg. Our study design did not include an age-match control group, which did not allow us to determine if familiarization to the strength and endurance tests is different in patients with PAD and age-matched controls. However, our results suggest that patients with unilateral PAD should also be familiarized when assessing maximal strength in the asymptomatic leg.
Muscle strength and endurance are important components of physical fitness since they are related to several daily activities. Patients with PAD presented reduced leg strength, which seems to be related to their ambulatory capacity. Therefore, strength and endurance evaluations could be useful for the assessment of muscle function and for monitoring strength and endurance progress in resistance training programs. The results of the present study showed that two test sessions must be performed to accurately assess strength and endurance using an isokinetic device in patients with PAD and symptoms of intermittent claudication. If this procedure is not performed, strength and endurance might be underestimated.
The results of the present study are limited to only one exercise. Because different strength and endurance levels between males and females have already been described in the literature, the sample of the present study was exclusively composed of men. Consequently, our results cannot be extrapolated for women. The comparisons between symptomatic and asymptomatic legs did not allow us to analyze if patients with PAD present a different familiarization pattern than age-matched healthy controls.
Conclusions
Isokinetic strength and endurance tests in the ankle joint in patients with PAD present a reliability coefficient ranging from 0.77 to 0.96. However, strength and endurance increased between tests performed on different days, suggesting that two test sessions are necessary for an accurate assessment of these variables in patients with PAD. 
